MICROVASCULAR FLUID LOSS FROM the intravascular to the interstitial space generates tissue edema and is one of the major challenges in emergency and intensive care medicine. Edema formation may be associated with a systemic inflammatory condition with activation of complement and coagulation cascades, production of arachidonic acid metabolites, formation of oxygen-derived free radicals, endothelial cell injury, generation of pro-and anti-inflammatory cytokines, and upregulation of adhesion molecules (15) . Studies on interstitial fluid (IF) may thus give important information on fluid exchange and possible causative processes in the interstitial space resulting in fluid filtration (3) . In previous studies, we have shown that the expression of inflammatory mediators in the IF can deviate significantly from plasma. In endotoxemia of rats, we observed that the concentration of proinflammatory cytokines in the IF was much higher than could be extrapolated from the concentration measured in plasma (16) . Access to the tissue microenvironment through IF may thus provide insight into the process of edema formation.
The domestic pig is the preferred animal model in cardiovascular research and fluid balance studies since it resembles the human anatomy and physiology (9, 13) . In a number of studies on microvascular fluid shifts, during hypothermic extracorporeal circulation (ECC) and induced hypothermia, the transcapillary colloid osmotic gradient has been monitored in pigs by measuring colloid osmotic pressure in plasma (COPp) and in IF (COPi) using the wick technique for collecting IF (11, 12) . The wick method, introduced by Scholander et al. (21) in 1968, was modified by Aukland and Fadnes (1) to allow direct sampling of IF. In fluid balance studies related to ECC, the optimal implantation time is 60 -90 min to obtain a steady state for the wicks (11) .
An inherent problem with in vivo implantation of wicks is tissue trauma, resulting in an inflammatory reaction with increased extravasation of fluid and plasma proteins, in addition to dilution of interstitial proteins if the wicks are saline-soaked before implantation (14, 20) . The centrifugation method introduced by Aukland et al. (4) and Wiig et al. (24) , however, enables isolation of undisturbed IF in several organs and tissues but requires that biopsies are taken (22) . Centrifugation of skin biopsies should enable sampling of IF, at any time, without the risk of local inflammation and with higher volumes enabling proteomics studies.
Volume expansion caused by fluid loading is thought to affect the tissue microenvironment by IF dilution and tissue degradation, as suggested by recent studies in the lung (17) . In this study, we simulated a clinical situation of massive fluid loading of pigs by intravenous administration of crystalloids, resulting in a volume expansion and unbalanced IF turnover. Skin IF before and after volume expansion sampled using tissue centrifugation was compared with the established dry and wet wicks techniques with the aim to evaluate the ability 1) to reflect tissue overhydration and 2) to show the expected composition of plasma proteins.
IF isolated by centrifugation and plasma, sampled before and after volume expansion, were then processed for proteomics analysis by mass spectrometry. The proteomics data confirmed that the major protein complement in IF both before and after volume expansion reflects that of plasma. Some of the proteins that entered IF due to overhydration might be associated with tissue degradation due to the volume expansion: lumican, pigment epithelium-derived factor, and fatty acidbinding protein 4. In conclusion, tissue centrifugation is an applicable method for isolation of skin IF for identification of proteins specific for the interstitial microenvironment during fluid balance perturbations.
MATERIALS AND METHODS
Animal handling and anesthesia. Nine anesthetized, locally bred, domestic pigs (Norwegian landrace, Norhybrid; Stend Agriculture College, Fana, Norway) aged 78.9 Ϯ 15.9 (SD) days and weighing 27.3 Ϯ 4.0 kg were studied. The animals were acclimatized at the facility for a minimum of 3 days before the experiment, and they were fed two times daily. Food was withdrawn 12 h before the start of the experiments, whereas free access to water was allowed at all times. The anesthesia was performed as previously described (13) . All used procedures were done with the approval of and in accordance with recommendations laid down by the Norwegian State Commission for Laboratory Animals.
Surgical preparation and monitoring. The pigs were placed in supine position. Fluid-filled catheters (Secalone T, 18 gauge; BD Medical, Singapore) were introduced in the right and left femoral veins for sampling of blood, for fluid addition, and for central venous pressure monitoring. Similarly, one catheter was introduced in the right femoral artery for continuous blood pressure measurements. Arterial and venous lines were connected to pressure transducers (Transpac IV; Abbott Critical Care System, Sligo, Ireland) connected to a Monitor (HP 78353; Hewlett Packard, Palo Alto, CA). Body temperatures were recorded in nasopharynx and the rectal pouch. Diuresis was followed by urine sampling from a suprapubic catheter placed in the bladder through a mini laparatomy. All animals received 6 mg/kg heparin after termination of the surgical procedures.
Blood analysis and COP in IF and plasma. Dry and wet multifilamentous nylon wicks (Nr 18; Norsk fletteri, Bergen, Norway) were sewn in subcutaneous tissue in thoracoabdominal skin folds and left in situ for 60 min to collect IF. All wicks were washed in acetone followed by ethanol to remove wax and other foreign substances before implantation and then dried. One-half of them were soaked in acetated Ringer solution 60 min before insertion. Double-threaded wicks were sewn in the skin in lengths of 5-8 cm with a straight suture needle (Acufirm 214/1, Dreieich, Germany). The wicks were covered with an adhesive plastic film to prevent evaporation (Tegaderm; 3M, London, Ontario, Canada). At the end of the implantation period, the wicks were withdrawn and placed in centrifuge tubes containing mineral oil. Wick fluid was collected in nonheparinized tubes from the bottom of the tube after centrifugation at 1,500 rpm for 20 min. Blood contamination in wicks was judged visually when pulling out each wick, and only white and light pink wicks were accepted (1).
Wick fluid from two different implantation periods was collected: 1) during the first 60 min after surgery ended and 2) at the end of the fluid loading period (110 min).
COPs were measured in IF and plasma with a colloid osmometer using a semipermeable membrane with a cut off level at 10,000 Dalton (PM-10; Amicon, Beverly, MA) and acetated Ringer solution in the reference chamber. The osmometer was designed to accept 5-l sample volumes (2) . Pressures were measured by a pressure transducer (Gould-Statham; Spectramed, Lewis Centre, OH) connected to a recorder (Easy-Graph 240; Gould, Eastlake, OH).
Blood samples were drawn from the arterial line for determination of hemoglobin concentration (Hb), whole body hematocrit (Hct), COPp, serum albumin and serum total protein, serum electrolyte concentrations, and acid-base parameters.
Hct was determined by use of standard hematocrit tubes centrifuged at 12,000 rpm for 10 min. Hb was analyzed by use of a Coulter analyzer (STKS Coulter Electronic). Serum albumin and serum total protein were analyzed in an automatic analyzer (Technicon Chem System, Technicon, NY).
Skin samples. Skin samples were collected from two different periods during the experiment, before and after the fluid overload: at 30 min and at 140 min. About 2 ϫ 2 cm of skin were carefully excised from the skin of the lateral chest. Any superficial blood contamination was removed by flushing with saline followed by careful blotting with tissue paper. After removal of fat, the skin samples were put in a plastic foil to prevent evaporation and then transferred to an incubator with 100% relative humidity and room temperature (20 -24°C). The skin samples were prepared to include the epidermis, dermis, and hypodermis layers and put in a 1.5-ml tube (Eppendorf micro test tubes, Hamburg, Germany) provided with a basket of nylon mesh with pore size 15-20 m (24). The nylon mesh keeps the sample from entering the bottom of the tube. The tube was cupped and spun at 424 g for 10 min. After centrifugation, a portion of the fluid sample of 10 -20 l was used for analysis of COP, and the rest was diluted in HPLC buffer (0.1 M Na 2SO4 in 0.1 M phosphate buffer, pH 7.0) for protein analyses.
Size exclusion high-pressure liquid chromatography. The distribution of macromolecules in plasma and IF isolated either by centrifugation or by dry/wet wicks was determined by HPLC using two 7.8 mm ID ϫ 30.0 cm TSKgel G3000SWXL columns coupled in series with an optimal separation range for globular proteins of 10 -500 kDa (Tosoh Biosciences, Stuttgart, Germany). Isolated fluid (5 l) was diluted in 45 l HPLC buffer and injected in the HPLC system at 0.6 ml/min using a Gilson 234 Autoinjector and a P2000 pump (Finnigan SpectraSYSTEM; Thermo Scientific, San Jose, CA).
Protein analysis using HPLC-coupled ion-Trap mass spectrometry. Pooled and HPLC buffer-diluted samples of plasma (42.5 l, containing ϳ0.8 mg total protein) and IF isolated by centrifugation (42.5 l, containing ϳ0.3 mg total protein) were fractionated using a 7.8 mm ID ϫ 30.0 cm TSKgel G2000SWXL column. The macromolecular fractions were exchanged into 100 mM ammonium bicarbonate and concentrated to a final volume of 25 l using a Microcon YM-50 centrifugal filter unit (Millipore). The samples were then denatured by addition of 25 l trifluoroethanol (Sigma-Aldrich T-8132) and 2.5 l dithiothreitol (Sigma-Aldrich D-5545) at 90°C for 45 min and digested at 37°C overnight by trypsin (Sigma-Aldrich T6763, proteaseto-protein ratio of 1:20) in accordance with the protocol provided by Agilent Technologies (http://www.chem.agilent.com, part number USHUPO3).
Digested proteins from plasma and IF were desalted by C18 peptide cleanup spin tubes (Agilent Technologies) and analyzed using a microwell plate sampler with an 1100 cap/nano HPLC coupled to a Chip-cube-LC/MSD XCT Plus mass spectrometer (Agilent Technologies). The HPLC-chip contained a 0.0075 ϫ 43 mm Zorbax 300SB C18 5-m column and an integrated 40-nl enrichment column packed with the same material (part no. G4240 -62001). Data was acquired using AutoMS2 mode and three precursors with active exclusion.
The raw data from the ion Trap mass spectrometer was processed with the Spectrum Mill MS proteomics workbench software (Rev A.03.02.060) using identify mode and default settings. The processed spectra (peptides) were assigned to proteins using the Sus scrofa NCBInr database. Proteins with Ն2 unique peptides and a score Ն13 were accepted.
Bioinformatics analyses of identified proteins were performed using the ProteinCenter software (http://www.proxeon.com) together with UniProt (http://www.uniprot.org) and National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov).
Plasma volume determination. Red blood cell volume (VRBC) was determined using the carbon monoxide (CO) method as recently described (5) . Small modifications to the method were made to allow for measurements during general anesthesia with a closed-circuit breathing system (10) .
Before CO administration, blood samples were drawn for baseline measurement of carboxyhemoglobin (COHb) concentration. Thereafter, a 30-ml bolus of CO (Carbon monoxide 4.7; AGA, Hamburg, Germany) was introduced at atmospheric pressure into a closedcircuit rebreathing system and administered for 10 min in 100% oxygen under controlled ventilation. Blood samples (in duplicate)
were thereafter drawn for analysis of COHb as described above. CO left in the rebreathing system after 10 min of controlled ventilation was found (by mass spectrometry) to be in the order of 0.2-0.4% of the total dose administered and was thus ignored.
Blood (BV) and plasma (PV) volumes were calculated from determination of V RBC and the actual Hb and Hct values as previously described (10) .
V RBC, BV, and PV were measured during stable anesthesia before fluid loading. BV and PV were thereafter calculated during the experiment based on calculated changes of V RBC according to blood loss and from measured changes in Hct as previously described (10) .
Experimental protocol, fluid additions and losses, fluid extravasation rates. Acetated Ringer solution at a rate of 5 ml·kg Ϫ1 ·h Ϫ1 was given as a continuous infusion from induction of anesthesia until the end of the experiments. Blood loss was substituted by acetated Ringer solution in volumes three times the blood loss volume. After 60 min of steady-state anesthesia, all animals received a massive 3,000-ml fluid load of acetated Ringer solution during the following hour. Following volume loading, urine losses were registered at 10-min intervals and substituted by an equal amount of Ringer solution intravenously. Fluid extravasation was calculated on a half-hourly basis as net fluid balance (NFB), i.e., all fluid additions and losses in the actual period, corrected for changes in plasma volume (⌬PV) in the same period according to the formula:
where FER is fluid extravasation rate. Statistics. Data sets were analyzed by repeated-measures ANOVA with respect to "within-group" differences. Whenever a significant overall difference was found, Tukey Kramer multiple-comparison tests were performed. The values of COPi were analyzed by repeatedmeasures ANOVA with one within-group (time) and one betweengroup (method) factor. All results are presented as the means Ϯ SD. The significance level was chosen as 0.05 and was adjusted according to the number of multiple comparisons (Bonferroni). The statistical software package SPSS (version 13.0) and GraphPad Instat (version 3.0) conducted the analysis. 
RESULTS
Anesthetized pigs (n ϭ 9) were given Ringer acetate solution to simulate clinical overhydration, and plasma and skin IF fluids were sampled before and after the volume expansion.
Fluid extravasation rate. The PV increased significantly (P Ͻ 0.001) from 60 to 90 min after the infusion with Ringer solution was initiated, and remained relatively stable throughout the experiment (180 min) (Fig. 1) .
During the first 60 min of stable anesthesia, NFB was 0.09 Ϯ 0.02 (SD) (0 -30 min) and 0.07 Ϯ 0.01 (30 -60 min) ml·kg Ϫ1 ·min
Ϫ1
( Fig. 2A) . During fluid loading, NFB increased about 25 times to 1.79 Ϯ 0.4 in the period from 60 to 90 min and remained at 1.59 Ϯ 0.4 ml·kg Ϫ1 ·min Ϫ1 in the following half-hour (P Ͻ 0.001) (Fig. 2A) . The corresponding values for FER were 0.11 Ϯ 0.11 (0 -30 min), 0.16 Ϯ 0.09 (30 -60 min), 0.96 Ϯ 0.7, and 1.69 Ϯ 0.52 ml·kg Ϫ1 ·min Ϫ1 , respectively (P Ͻ 0.001) (Fig. 2B) .
The pigs were hemodynamically stable during anesthesia and survived until cardiac arrest was intentionally induced. Acid-base parameters and serum electrolytes remained within a normal range during the experiments [Supplemental Table S1 (Supplemental data for this article may be found on the American Journal of Physiology: Heart and Circulatory Physiology website.)]. Whole body hematocrit, serum albumin, and serum total protein changed from initial normal values according to fluid interventions (Table S1) .
Colloid osmotic pressure. COPp was, prior to fluid loading, 14.5 Ϯ 0.9 mmHg and dropped significantly following infusion of acetated Ringer solution according to the experimental protocol to 9.9 Ϯ 1.1 mmHg at 90 min (P Ͻ 0.001) (Fig. 3A) . COPi was, prior to fluid loading, 10.5 Ϯ 2.1 mmHg (dry wicks), 7.5 Ϯ 2.0 mmHg (wet wicks) and in skin samples 11.5 Ϯ 3.2 mmHg and decreased throughout the experiments to 6.4 Ϯ 0.6 mmHg (P Ͻ 0.05), 5.6 Ϯ 1.7 mmHg (P Ͻ 0.001), and 8.7 Ϯ 1.8 mmHg (P Ͻ 0.05), respectively (Fig. 3B) . (Vexp, B) . The fractions subjected to on-line nano-LC/MS analysis are shown by vertical dotted lines with apparent molecular weight for globular proteins indicated as estimated by molecular weight standards (Sigma). The eluted proteins were detected at UV 280 nm (UV280) and the ordinate scaled as described in Fig. 4 .
Protein analysis by size exclusion chromatography. Similar chromatographic patterns were identified with the fluid isolated from the skin by wet wicks, dry wicks, and centrifugation indicating that the different methods have similar ability to sample true IF. To confirm the extracellular origin, we compared the size exclusion chromatography (SEC) patterns of fluids isolated from skin by dry wicks (Fig. 4A) , wet wicks (Fig. 4B), and centrifugation (Fig. 4C) with those of the corresponding plasma. The representative chromatograms shown in Fig. 4 are scaled to an arbitrary value of one to facilitate comparison of the distribution of differently sized macromolecules. The three most abundant peaks in all samples coeluted with those of human albumin, IgG, and ␣ 2 -macroglobulin (␣ 2 -M) standards, respectively. Most of the other peaks in the high-molecular-weight range of plasma were also found in the IF samples, and no foreign peaks indicating intracellular fluid contamination were found. Moreover, the relative abundance of the ␣ 2 -M peak in all IF samples was Ͻ1/3 of that in plasma, indicating, as expected, a size selectivity of protein transport through the skin capillaries. For molecules smaller than albumin, the elution pattern of IF samples revealed peaks not present in plasma that could represent both locally produced proteins and intracellular contamination of low-molecular-weight proteins.
Based on these findings and the COPi results, the centrifugation method was accepted as adequate for fractionation of larger volumes of IF for identification of the major skin IF proteins by proteomics.
Protein identification by mass spectrometry. Skin IF isolated by centrifugation and corresponding plasma before and after volume expansion (pooled samples derived from 5 pigs at 0 and 180 min, i.e., before and after intervention) were applied to SEC to fractionate the samples prior to MS analysis. Figure 5 shows the normalized chromatograms at UV 280 nm (UV 280 ) with fractions and their apparent molecular weight ranges as estimated by molecular weight standards indicated. The chromatograms of plasma and IF are similar to those shown in Fig.  4B but with less resolution power in the high-molecular-weight range due to smaller pore size, shorter column length, and larger protein load. The three major peaks denoted albumin, IgG, and ␣ 2 -M in Fig. 4 are easily recognized in Fig. 5 in  fraction 5-6, fraction 4, and fraction 1 , respectively. Note that the eluting proteins are detected at UV 280 since the signal for UV at 220 nm (UV 220 ) peaked due to the high albumin concentration in fraction [5] [6] . The SEC pattern of plasma and IF sampled before (Fig. 5A) and after (Fig. 5B) volume expansion remained unchanged, indicating no major alterations in IF protein composition.
The eight SEC fractions shown in Fig. 5 were subjected to on-line nano-LC/MS analysis. Abundant proteins present in plasma and IF before and after volume expansion are presented in Table 1 . The same protein was typically present in several fractions, however, in the table assigned to the fraction where it was identified with highest intensity. The table shows that the proteins expressed in IF mostly reflect the major plasma proteins. However, some proteins, like decorin, periostin precursor, and gelsolin, being associated with tissue specificity were, as expected, abundant in IF only.
To identify potential changes in the local IF protein complement induced by the volume expansion, the identified proteins in the eight plasma fractions before and after volume expansion were merged in Spectrum Mill, resulting in 85 plasma proteins. A comparison using ProteinCenter revealed that 12 of these proteins were only identified after volume expansion ( Fig. 6A and Table 2 ). The merged plasma proteins from control and volume expansion were then compared with the proteins identified in IF during control conditions and after volume expansion (Fig. 6B) . Interestingly, the comparison revealed 52 proteins only identified in IF of which 17 were only identified after volume expansion (Fig. 6B and Table 2 ). The complete protein lists are available as supplementary data (Supplemental Table S2 ).
The distribution of the mean intensity of the peptides identifying the most abundant protein in each IF fractions is shown in Fig. 7A , confirming that volume expansion did not induce significant changes at this level. Likewise, typical tissue-specific extracellular matrix proteins identified exclusively in IF or with significantly higher intensity than in plasma are shown in Fig. 7B . Interestingly, three of these proteins (lumican, pigment epithelium-derived factor, and fatty acid-binding protein 4) were identified only after volume expansion and may represent a local response to perturbations induced by volume expansion.
DISCUSSION
In the present study, we have isolated IF from pig skin by classical methods using dry and wet wicks (1, 6, 14) and compared these methods with the recently described centrifugation method (24) with respect to feasibility for sampling true IF. Volume expansion was chosen as experimental perturbation since it induces predictable changes in well-defined parameters previously used for method validation, such as COP and SEC patterns of the collected fluid. Moreover, because fluid therapy is required in many clinical settings such as sepsis and burn injury, knowledge of the effect of volume expansion on the IF microenvironment in a porcine model is useful as a basis for further translational studies.
We found that the centrifugation method is as good as or better than the wick method in sampling true IF from pig skin. Furthermore, we have presented an integrated approach utilizing proteomics and bioinformatics to show that centrifugation allows isolation of fluid suitable for studying IF microenvironment in pig skin. In the following, we will discuss the foundation of these conclusions.
IF sampled by dry and wet wicks as well as by centrifugation showed a significant lowering of COPi after overhydration, as expected. The lower COPi measured in wet wick fluid is most likely a result of dilution of IF by the introduced saline (6), also reflected in a lower reduction after overhydration. The wet Proteins were identified with an ion-TRAP mass spectrometer plus Spectrum Mill and analyzed with ProteinCenter; proteins with more than 2 peptides and score better than 13 were accepted. The identified proteins passing the filter criteria described in the headings are listed. The number of MS spectra generated and the corresponding peptides assigned to the identified proteins are presented. IF, interstitial fluid. *Denoted as predicted in the NCBInr database; †proteins associated with tissue specificity and extracellular matrix. Table S2 ).
wicks thereby seem to underestimate COPi. The dry wick implantation resulted in an overestimation of COPi (Fig. 3B) , as previously observed (25) . Thus the centrifugation method was the most reliable method for estimation of COPi in the control situation, as well as after the perturbation of fluid balance.
The distribution of proteins based on molecular weight as determined by SEC of plasma and fluid isolated using wet and dry wicks was used as typical fingerprints for IF (Fig. 4) . The fluid isolated by centrifugation before and after volume expansion expressed this typical chromatographic pattern, indicating true IF and no significant admixture of intracellular protein contaminants (Fig. 5) . In the molecular weight range above ϳ100 kDa, the relative abundance of proteins was higher in plasma compared with IF samples (Fig. 4, A-C, and Fig. 5) , reflecting, as expected, molecular size selectivity between plasma and IF. Volume expansion did not induce any significant reduction in this apparent size selectivity, suggesting that acute inflammation was not induced by excessive extravascular fluid. Indirect support for this conclusion is provided by the recent study on trachea IF showing a significant increase in high-molecular-weight protein abundance following lipopolysaccharide-induced systemic inflammation (22) .
Analysis of size exclusion fractions was made by tandem mass spectrometry to prove that the centrifugation method was suitable to sample proteomics-grade skin IF and to get an overview of the proteins therein at normal skin hydration and after volume expansion. The ion trap mass spectrometer, with excellent run-to-run reproducibility LC-chip technology, was used as a semiquantitative tool. Albumin constituting 50 -70% of the total protein in plasma was used as an internal standard in all quantitative assessments by dividing the number of peptide spectra or mean peptide spectral intensity identifying a given protein by that of albumin in the same sample. This enabled us to get a reproducible quantitative SEC pattern of a large number of proteins present in the extracellular microenvironment in pig skin before and after perturbation by volume expansion, as shown in Fig. 7 .
The most abundant proteins identified in the eight SEC fractions of pig skin IF (Table 1) were, with few exceptions, typical plasma proteins, confirming that the bulk protein mass was derived from plasma. However, some proteins were extracellular matrix or tissue associated such as decorin, periostin precursor, orosomucoid 1, lumican, and gelsolin (Table 1 and Fig. 7 ). These proteins were present in IF at a significantly higher intensity than in plasma, confirming local production. As an example, decorin is a small extracellular proteoglycan (18) and is likely to be locally produced in the skin.
A predictable finding of the present study is that volume expansion did not alter the bulk IF protein complement. However, some proteins were identified only after volume expansion, suggesting a local response induced by the edema fluid, in agreement with a previous study in lung (17) . Lumican is a small leucine-rich proteoglycan that participates in the maintenance of tissue homeostasis (26) . Pigment epithelium-derived factor is a small secreted multifunctional serpin family glycoprotein with potent antiangiogenic effects (7). Fatty acidbinding protein 4 is involved in the regulation of intramuscular fat accretion (8) and could be released in the skin IF due to local perturbation induced by excessive extravascular fluid accumulation. Furthermore, the hypothetical protein LOC100156410 only identified in plasma after volume expansion is predicted to be extracellular and have a "vWA" motif, which could indicate extracellular matrix-binding properties (23) and be present due to tissue injury.
Enzymes like pyruvate kinase 3 isoform 3, cytoplasmic malate dehydrogenase, and creatine kinase M-type were identified in IF only after volume expansion ( Table 2 ), indicating that some admixture of intracellular fluid could not be avoided. However, it is important to consider that these proteins may play a legitimate role in the extracellular microenvironment since they, on the one hand, could be derived from cell lysis due to the mechanical stress caused by the volume expansion, and, on the other hand, it has been anticipated that up to 35% of the identified proteins in plasma may be of intracellular origin (19) .
All IF samples subjected to SEC showed peaks in the low molecular weight range (Ͻ50 kDa) not present in plasma (Fig.  4) . The MS analysis unmasked that these peaks are predominantly hemoglobin (SEC fraction 8; Table 1 and Fig. 5 ). The PV in skin is low, and contribution of intravascular proteins to IF during centrifugation is not likely to be very high. However, low protein fractions are sensitive to hemolysis of a small number of red blood cells, since hemoglobin accounts for ϳ 1 ⁄3 of the red blood cell content.
To summarize, we have validated the centrifugation method for isolation of fluid from the extracellular microenvironment of pig skin that is compatible with proteomics and mass spectrometry analysis. Contamination of intracellular proteins other than hemoglobin was negligible, and we were able to identify the major bulk of extracellular proteins. The analysis also revealed local production of some extracellular matrix proteins with a potential role in the pathophysiology of conditions related to edema.
